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P.O.’ BOX 1663, HS-C348
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ABSTRACT—-

Detsjl# of tubsystem costs ●re emomg the ques-

tions ~s: frequently ●~ked ●bout the $14.4 million
Tritiux yotems Test Assembly (TsTA) ●t La Alemo@

Netionm’ Laboratory. This paper presents a breakdowm
of cost cmepcments for each of the 20 major wbaystems
of T’;TA. Also included ●re detzils to ●id in ●djust-

ing ti)c cooto to other years, contrcctimg conditiocm,
or cyscem cizec.

1. lWSODVCTION

The purpoce of the Trititme Systems Teot Asoably
(TSTA) at LOS Alamns Nttionel Laboratory is to develop
end deuxmetrate the deuterim-triti~ fuel processing

•Y~~=~ ●nd •~sociated -f~ty ●f envi--t~l vo-
tectiom Syotems requ~red for commercial-scale fusion
pcuer reactors, l In ●ddition to data on systems

design, operation and reliability, dttm of interest
to be furnished the fusion cmnity by TSTA inclu~c
data on rubsvstem coats to S1lW informed planning

●nd kdgeting for future mechinec.

2txpenditurae ●t TSTA totaled $14.4 million be-
tween the ●tert of the project in Jcnuary 1977 ●nd the
end of major conetructinn in October 1002. This total
included building modifications, deeigti, ●ll cepital
●quipment, end about 90 men-yeare of ●ffort in manage-
ment ●nd eteff for proceee deeign, ●nalyeic, emall
fabricetin,l, ●nd partial development of control ooft-
w~re. The detailed breekdown ●nd explanation of these

coot. for 20 cubeyoteme ie the subject of this paper.

T%? 90 men-yeara of etaffing (wrth $5.2 million) were
ellocated to the project rne ● vhole with no affort to
●ccribe portion- to individual euh~ystems.

Alto included ie information that will be ueeful
in ●xtrapolating the coete to d~fforent situetione,

for ●xarnpla, different ytmrs or eyetmm s~zee.

110 BRIEF DESCRIPTIONS OF SUBSYSTEM PUNCTIONS——--.—. . -—.

Conte ert broken out ~n Teble I for the capital

and inotell?tion coutc of eubmyet~ue ●t TSTA. A few

words are nececsary co ●xplain the gcnr:al configura-

tion and function of ctquipment ~rr eech eubayatam.
Furth?r dataila on comporrcnte in ?sch eubeyetrm ● re
contaiwd in Tabl~ II, Table 11 aleo heo literature
rcfcrencee to Mra cmnpl~te J*Ocriptionu previously
publithed nn ●om@ of the mejor ●cb-y-teme.

In order of the tubeyetem nmnh~rc ehown in the
tahlmm, the TSTA eubnymteme function ● s followo:

1 Chember evscuetirrn le the pwmp train that rmwv*s

tlw spent fuel mix ●nd !mpuritiem froa tha ra-

●ction chasbrr.

2. Transfer pum)a ● re thooe that circulate the fual
●{x Co: proceeeiu et ●bout ona •trnoaph~r~
prafimure.

. . . .- ..— .—-+
~~l)le work Ie supported by thm Offic@ of Fu@inn

Enersy, US Department of Err*r~y.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Fuel cleanup proceeees tbe spent fuel to remove
gaeeoue hpuritiee and deccxmpoees them to re-
cover tritium and deuterium for rau$e.

Icotcpe sepsrethi ie four, interlimked, ctyo-
genic distillation columns chat produce four
Streems - ~, D2, T2, ●nd DT - of high
isotopic purity.

Storage bede ● re bede of activated uranium for

gettering ●nd storing s meximum of 37 g. mnlr of
hydrogen ieotopee each.

Cae analysie ie the syetem (primerily gas
chrometographe) for analyzing concentration of
impurities (ii20, Ar, NN3, C02, CO, wjd CM) nnd
H ●ud ~ throughout the process flow loop.

Tritium monitoring includee meinly ionization
chembere for monitoring the room, gloveboxes,
the etack and duct to the stack,

Secondary containment is the glnveb>xes and their
operational controle.

Tritium wacte treatment proceeoee glovebf,x ● two-
opheree to cepture tritium.

Cmerfency room cleanup proceeeee the room ● tmo-
ephe :e to capture tritium.

Building ventile:ion controls room preoeuree ●nd
●ir flw routinely ●nd in race of accidental
tritium releee~.

Data ●cquicition cnd c,xrtrol includae two re-

dundent prOC@eL computere ●nd two eaf?ty com-

puters plu- interfacing with the procece,
wiring, ●nd meny inet.rumente.

Uninrerruptabla ptiar ie s batt?ry ●upplv mainly

to IIW the ccrmputere ●nd tritium monitoring
inetrumente operational.

Emergency generator provide- beckup pow~r,

Solid wa~te diepoeal ~e ● glov~box for handling
and pack~g{ng solid waet~s in preparation f,,,
diepoeel.

Inventory control ie ● glovebox with ctand@rd-
volume tanks to which hydro~en {eotop~c from the

TSTA procoes loop ● ra pumped ● t least erml-

●nnually for ●ccmlntfng purpoeee,

t!xper~m@ntal contm.LnatLon lahoratnry ie ● small,
off-lln? facility for experim*nte on trit{um har-
r~ere ●nd dacontaminetion mathnds.

Ut{litiae includ~ the p~rt{culmr mech~n{ral and
.Iactr(cal s~)v{cee needed in ● huildin~ that
previously had thaan Ksnarai ecrv{cos,



19. Physical plant hluded the dispoaLl of old
equipment, amd new roofinft, o fe~cing, control
room air conditioning, psrking lots. ●nd fire
protection.

20, Impurity simulation ●dds the i.mpuritieo ●xpected

in the exhsust gases fr~ ● toF.smak reactor.

This cubtystem is not needed in ●pplications
involving real reactors.

111. EXPWtATORY ~MENTS ON TASLES

Tables 1, II, end 111 contain the eubsymtem cost
data, together with ●dditional information useful for
adjusting the costs to other situaticz:. The addi-
tional information includes: years in which -jor
●xpenditures occurred, whether work waa done in-house

>r by ou:oide contract, d-:ailo on components of cost
included or emluded (Table II) ●nd information for
helping ectimate coots for different oize, but cimi-

lar, cystcms (Table III). Table IV summarizes the
oversll total costs for TSTA,

All process design was done in-how-e and the
co-t of design is included in the $5.2 million coot

for TSTA staff (see Sec. I.). The cost of mechanical
dc~ign for items contracted outside ●ppearc in the
capital coct ●nd for items done in-houte ~s included

aithet in TSTA otaff coot or in “inetsllation design
●nd incpectiori” (Table IV). Fabrication costs for
baoic crafto, contracted iteme, ●nd majo~ shop work
?re included in the capital or installation cornto.
Small, tpecializea fabrication wat done by ctaff
tmctjnicianc ●nd the co-t ic included in otaff cost.

The cost of ●ll gloveboxes except thooe ssaoci-
atd witil subayctemo #4 r,nd #15 is included in oec-
ondary conta~nment (cubaystem +8). The cost of momt
subsyctem instrumentation is included in data acquisi-
tion (oubfiyotem #iz) axcept for instrumentation for
the tw, major contracted subsystems (cuboyctem~ #3
and #&), which vmre delivered complete with instru-
mentation.

Essentially all gas analytis and tritium moni-

toring, ● vrn if ●scrrciat?d with another subayctern, vat
coctcd ●s part of the ●nalymic ~ubsystemo (#6 and #7).

T’I,P intent of thin paper is to present cotta for

construction, but not operation, of the TSTA.
However, the line betwean thrn two, looked ● t either
by t;ma or •ct.ivi~y, ~Q not ●lwayo clearly defined.

Examples of aabiguouo tasks are rectification of hard-
M s d~flc!enci~c LIncovereI; during checkout, ●nd con-

trol softwdra development. A few ccata that could be

listed under construction ale not ●ccounted for in
tha Iableo. ThQm tre the cost foi writing control
ooftware for .o* individual pro<,esa oystema (dnsign

of tha ~jor ●nd ~,i~her ordmr cont:ol ●oftw~re it

inclu~ed in @taff coat) ●nd thrn coot for ~nstal~a,ion
of nm intersystcm proca~s tubing (mainLy l/4-in.
tubfng connecting Xlowboxet). Othnr co~ta not ●p-
pearing in the ttlrlet are the cost of fivt Klova-
boxec wlthoot ccm!rols Gnd the co-t for cufficien!

(2000+ gal.) liq!lid n{trog?u #cora&a dewaro, which
TSTA obtained fr~? of chargr from sources of surplu-

●quipmnnt.



IV. COST TAsLEs

Table I

tipital and Installation Co~t$ of Subcy#tem-

Capital coat Yr. of major 14ech. deoign Installation ccst*

subsystem $K cap. exp ●nd. cnd fab. tK

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

1~,

14.

15.

16.

17.

chamber
evacuation

tr~ncfer PUMP.

fuel cleanup

isotope
oeparatioo

storage beds

tritium
Wnitoring

ueconhry
containment

tritium watte
traut-nt

emergency room
cleanup

building
ventilation

data ●cquisition
& control

unintarruptable

power

em*rKency

generator

●olid mete

dicpoael

inventory control

exporim~ntal
contamination
labor-tory

phyoical plant

ty a{mulatlon

lWTAL

200

111

1,000

1,237

60

119

193

182

343

382

154

1,379

95

100

23

25

54

370

730

26

6,791

1978-79

1977

1980

1978

1981

1979

1978-82

1978-82

1980-81

1979-80

1978-79

1979-81

1980

1Q80

19ao

1981

1977-78

1977-78

--

c~rciul partt
+ in-house

cmmserc ial
pmpc

ibdum:rial
contract

industrial

contrcct

in-house

commercial
instruc4eatc

covmbercial parta
+ in-houce

c~rcial boxet

cotmnercial parts
+ in-house

coumnerc:al partt

~ in-house

contract

comxoerciai

commercial units

cotmrmrrial unit

ccnmwrchl

parts

iri-housr

commercial
parto

laboratory
contractor

laboratory
contractor

Ln-h,,uoe

on d~sign ●nd lnop@ctlon not included; PO* Tablo IV,

73

112

70

03

10

26

33

30

69

357

--

531

44

168

11

94

--

.-.

--——.—
1,693*



T-ble 11

C~onent- Included snd Excluded in Subsystem Coats

J4it.
Subsystem ref. Components included timponents ●xcluded

1.

2.

chmber
evacuation

other cryopumps2. reference ●yctem,
secondary containment,
1 cryopIQp + tests,
scroll ptEp, blouer, turbo

3. refererice ●yotem,
12 metal-bellowe puiaps,
100 vtlves, 20 preosure

traaedusera, 1 scroll P-P

transfer pumps

4. reference ●yStem,

inetrumenta,
inolrumentltlon 6 control,
control ooftware,
integrity teot

5. reference ●yctem,
refrigerator, (423W@ 20K),
integrity te~t,
LN2 distribution cystem

beds, heaters,

instrumentation
6 ●ssociated plumbing

Slovebox, software,
guaranteed purification?

3. fuel cleanup

4. isotope operation xuar~nteed ●eparaticn:

lJ12 ntorage
devars (no charge)

5. storage beds

instrument data ttations,
oample lines

ion chamber + electronics
for room, glovmbox, duct, &
otack monitor

calibration gas ●pparatus6.

7. triLium mOnitOriPg

T2 monitors, 5 boxes obtained
frer, 2 boxes with other
ouboyctems

8. 6 boxes; 02 6 presourc

instrument & control.
for 13 boxeo

mecondary
containment

compreo@or, cata~yLic
oxidizer, dt’ie~c,
{instrumentation for
proce~cing glovebox ● tm.

6. reference nystem,

●par? comprecoor

9. tritiwn wa-tr
traltment

10.

11.

12.

emergency romn

cleanup

building

ventilation

data ncquioition &
control

heating and ventilating

units existed
special valving, blower,
ducts, stack

7. raforanca system,

computnrs, Signel

conditioner-, wiring,

some instrumentation

-OW major tubo:,stem

instrumentation

units, instrunwntation 6
controls for 1/2 hour

power @ 100 kw

11. uninterruptabl*
power

protactivo shed, unit,

instrumentation &

control, for 30 hr.

powr @ 750 WA

14.

storage drumo, burialRlovebox & fume hood

dynamic (on-line)
accounting
inmtrumentetion

ctandard volume, pr~acur~

ot.andard, inotrumpntation,

valving



Table 11 (cent)

Components Included and Excluded in Su>ayatem Costc

Lit.
Suboyntem ref. Components included Components excluded

17. ●xperimental dedicated cleanup oyatem T2 rnnitora
contamination
laboratory

18. utilitiem

19. physical plant

20. impurity simulation

mechanical 6 electrical ●enice to building
service in building

old ●quipment removal, building existed
building preparation,
roof, fence, fire,
control roam heating
and ventilation

flov valves,
instrumentation



Table 111

Approximate Dependence of Cocts on Syotem Size

Par~eter TSTA value
Subtyctem for Sc*ling of scaling param. (hmnenta on co-t as f(size)

1.

2.

3.

4.

5.

6.

7.

8.

9.

iO.

11,

12.

13.

14.

15.

16.

17,

18,

19.

20.

chmnber

●vacuation

tranufer puseps

fuel cleanup

isotope
separacitm

s:orage bed.

tritium
monitoring

secondary
containment

tritium weote
treatment

emergency room

c leanup

building

ventilation

uninterrupt~ble
newer

solid vacte
dicpoaal

inventory
concroi

●xperimental
conteminati m
laboratory

Iltilitiac

impurity

simulation

pumping #peed

no. of p-ps

fuel flowrate

fuel flowrate

no. of unit-

\ 0. of in~tr.

no. of inctr.

contained
volume

processing
inte

●ir procec-ing
rate

air flowrcte

complex

comp!ex

complex

non~

none

. .

--

none

J
l~3(H2)+~ (He)

12 ●etal bellows
pumps

3608 aol DT

day

360 % mol DT

day

6

10 gae

chromztograph
+ 1 infrared

●nalyzer

5@

13 Loxe# (6 bought).

50 m

1500 m

7500 CYMmzin cell
7500 Cll! offices

100 w

750 KVA

modular;
to totsl

modular,

cost is proportional
speed

per pump

cost is nearly independent

~ 3 to S-fold flow change

cost i- nearly independent
~ 3-fold flew change

tmdular , per unit

modular, per instrument

modular, per instrument

Cf

of

boxes (W’O controlc) - $f4000/m3
(1980$)

ocale~ hith glovebox ● tm.
flowrate

ecalec with room volume
●nd cleanup time



Table IV

Total cost Swmry for TSTA

Item

capitn~ expenditures

laboratory capital overhead

installation

installation design 6 inepe, tfon

Total: design & mtjor con~truction

v. sUt04ARY

This paper has preoented costs, broken out by

subsystem, for designing end constructing the TSTA.
Also included is ~nformetion useful for ●djuotins the

costs to other #ituationrn, ●uch ●s to different yearn
or different size, but basically similar, ●y~tema.
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[2]

[3]

[L]

[51
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